Global estimates indicate that more than 2.3 billion people in the world suffer from poor vision due to refractive error (RE).\[[@ref1]\] REs are the most common forms of eye disorders that result in poor vision and have severe social and economic implications if uncorrected.\[[@ref2]\] A RE can simply be diagnosed, measured, and corrected with the aid of optical corrective approaches and devices such as spectacles and contact lenses or by refractive surgical procedures.\[[@ref3]\] Despite this, an estimated 670 million people worldwide do not have spectacles or have inadequate correction; 517 million have near vision impairment and 153 million have distance vision impairment.\[[@ref4][@ref5]\] Of the 517 million people without spectacles for near vision correction, 410 million are prevented from performing near vision tasks and activities.\[[@ref5]\] Current data suggests that more than 90% of people with uncorrected RE, worldwide, reside in rural and low-income countries.\[[@ref6]\]

The global initiative to eliminate avoidable blindness by the year 2020 (VISION 2020: the Right to Sight) has included RE as one of its five priority eye diseases, following epidemiological studies that have highlighted the escalating estimates of RE prevalence.\[[@ref7]\] Previous World Health Organization (WHO) categories of visual impairment refer to best corrected visual acuity in the better eye rather than presenting visual acuity.\[[@ref8]\] However, the establishment of the WHO Refractive Error Working Group, the inclusion on the task force of VISION 2020 of national and international NonGovernmental Development Organizations (NGDOs) and professional bodies focusing on REs, and a series of population-based studies on RE in children, has catapulted RE interventions to the center stage of blindness prevention. Resnikoff *et al*. in 2004 reviewed a series of published and unpublished surveys on uncorrected REs.\[[@ref4]\] While in the past the emphasis in the presentation of RE data was on best corrected vision, Resnikoff *et al*. addressed the category of presenting vision. The latter has been found to be a more accurate indicator of the relevance and challenge of RE as a global public health problem and can thus accurately quantify the need for services.

Despite an array of RE studies conducted, the lack of consistency in defining and measuring REs has often made comparison across populations difficult. The prevalence of RE exhibits significant variation across geographic, racial, age, and ethnic boundaries, which has an enormous impact on the strategies utilized in addressing uncorrected RE.\[[@ref4][@ref9][@ref10]\] This is especially so in low- and middle-income countries where there are limited resources to target specific groups, which are most affected, including specifically, the poor living in areas that are under-served and have inadequate primary eye care services and facilities. Moreover, socio-economic status influences the ability to acquire RE correction.\[[@ref11]\]

REs, if uncorrected, result in an impaired or decreased quality of life for millions of people worldwide, irrespective of their age, sex, and ethnicity.\[[@ref12]\] Over the past decade, a series of studies using a survey methodology, referred to as Refractive Error Study in Children (RESC), were performed in populations with different ethnic origins and cultural settings: a rural district in eastern Nepal;\[[@ref13]\] a semi-rural county outside of Beijing, China;\[[@ref9]\] an urban area of Santiago, Chile;\[[@ref14]\] an urban and a semi-rural area of KwaZulu-Natal, South Africa;\[[@ref15]\] a rural district near Hyderabad, India;\[[@ref16]\] and an urban area of New Delhi, India.\[[@ref17]\] These studies have confirmed that the need for RE correction is higher for children. Results shown in the studies indicate that RE in children causes up to 77% of blindness and severe visual impairment (\<6/60 in the better eye) in India, 75% in China, and 62.5% in Chile. RE is the cause of visual impairment (\<6/12 in the better eye) in 83% children in urban India,\[[@ref17]\] 70% in rural India,\[[@ref16]\] 93% in China,\[[@ref9]\] 55.1% in Nepal,\[[@ref13]\] 55% in Chile,\[[@ref14]\] and 63.6% in South Africa.\[[@ref15]\] Of these cases, 86% of children in rural India presented without correction for RE, 92% in Nepal, 58% in China, 46% in Chile, and 71% in South Africa.

Numerous studies worldwide have affirmed that the prevalence of uncorrected RE is influenced by strong socio-economic factors.\[[@ref11][@ref18]\] Moreover, uncorrected RE, now a public health problem in India and other low- and middle-income countries, may impact the learning abilities of children.\[[@ref4][@ref10][@ref19]\] The impact of uncorrected REs are 2-fold, as not only do strong socio-economic factors such as poverty and the inability to access treatment influence the correction of a RE, but uncorrected RE can also contribute to the individuals and their families' socio-economic status. Visually impairing REs have been observed to have extensive social and economic impact, for example, limiting educational and employment opportunities of economically active persons, healthy individuals, and communities.\[[@ref2]\] Smith *et al*. indicated in their article on the global burden of uncorrected RE, that the global economy loses \$269 billion annually as a result of lost productivity due to uncorrected RE.\[[@ref20]\] To overcome this problem, they suggest that prescribed spectacles should be provided to those with correctable refractive conditions which in turn may result in a net economic gain.

Public Health Challenges {#sec1-1}
========================

The key public health challenges that are presented by uncorrected REs require urgent attention. To address these issues, it is critical to focus on the development of human resources and sustainable approaches of service delivery. The challenges of eliminating avoidable blindness and correcting poor vision can thus be solved if there is advocacy with governments, international organizations, professional bodies, and the optical industry. The three core pillars to addressing the challenges posed by uncorrected REs relate to Human Resource (HR) Development, Service Development and Social Entrepreneurship.

Human resource development {#sec2-1}
--------------------------

HR Development remains the major challenge to the successful expansion of RE services.\[[@ref21]\] It is essential to develop and strengthen refractive services at the primary (community), secondary (district level, vision centers, and mid-level refractive care), and tertiary level (specialists), in order to adequately manage uncorrected RE in target populations.\[[@ref22]\] Services can be strengthened and sustained by recruiting and training new personnel and/or building the skills of existing personnel. In low- and middle-income countries, many effective non-government organization (NGO) approaches to the expansion of RE services have been difficult to scale up due to the lack of ophthalmologists, optometrists, or other personnel who conduct refraction. One of the major limitations has been the lack of dedicated personnel to train ophthalmic nurses, ophthalmic clinical officers and other ophthalmic personnel. It is therefore necessary to consider the development of dedicated personnel for refraction and to conduct eye health screening.

In many countries, the term 'refractionist' is used for those who have the skills necessary for refraction, with limited ocular disease screening. Optometrists are trained to conduct refractions and are also able to provide contact lenses, as well as low vision, binocular vision and ocular diagnostic or therapeutic care. Additionally, ophthalmologists who primarily conduct refractions are present in some countries, such as in Brazil.

In addressing the need for appropriate HRs, it is necessary to adopt a systems approach. In resource limited settings, where it is not possible to have refraction personnel at the primary level, the appropriate HRs (nurses, community health workers, primary health care workers) should be identified and trained to conduct screening and make the appropriate distinction and referral for either an ocular disease or a refractive condition. At the secondary level, depending on the HRs available, the optometric technician, optometrists, ophthalmic nurse, ophthalmic clinical officer, and other eye health personnel should be able to then conduct refractions. At the tertiary level, refraction services should only be provided as pre- and postoperative support. From experience, the authors are of the view that having dedicated personnel remains the best strategy. Training optometric technicians or optometrists provides a specific focus on RE services and should be pursued. The authors further suggest that RE training programs be developed in optometry and optometric training facilities at both national and regional level. In addition, refresher training courses should be available to all eye care personnel in the areas of refraction, spectacle dispensing, spectacle manufacture, spectacle supply and distribution, ocular disease screening, health promotion, and program management. In addition, the authors suggest that attrition rate and factors such as resignations, death, dismissal, relocation, and pursuit of better career opportunities should be considered for HR projections and planning for eye care personnel. In this regard, it is further suggested that succession plans be incorporated into planning strategies to substitute the absence of key personnel and incentives be provided to avoid losing personnel who are rapidly developing skills and seeking better opportunities. The institutionalization of training programs (whereby training programs become part of the local institutions career offerings) is paramount. Many NGO training programs often provide HRs for a particular need but do not take into account the attrition rate, thus adversely affecting the programs.

The challenges presented in [Table 1](#T1){ref-type="table"} should be considered at each stage of HR planning:

###### 

Human resource planning challenges
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Refractive service delivery {#sec2-2}
---------------------------

There is an urgent need to develop and implement efficient, effective and sustainable service delivery models for the correction of visual impairment due to uncorrected REs. The lack of eye-care services, skilled personnel, training institutions, and affordable refractive correction such as spectacles in poor countries are the primary reasons for the millions of people across the globe suffering from poor vision.\[[@ref24]\] Furthermore, adequate provision of services is significantly constrained by the financial sustainability of eye health services and facilities, especially in rural areas.\[[@ref25]\] Research by Kovai *et al*. has shown that the majority of the persons with visual impairment due to REs do not seek treatment due to personal, economic, and social barriers.\[[@ref26]\] These barriers include the lack of awareness of RE and methods of correction, the unavailability and un-affordability of services and spectacles, and the lack of awareness among service providers of the consumers' perspective regarding quality, appearance, cost, and comfort.\[[@ref25]\]

Houn points out that there is a visible disconnect between eye care and refractive services.\[[@ref27]\] For example, with spectacle provision patients presenting at hospitals for diagnosis are handed a prescription and are forced to purchase spectacles from the private sector.\[[@ref27]\] This disengagement in RE diagnosis and spectacle provision forms a barrier to poor people accessing refractive correction since much time and energy is spent in visiting multiple points of services and in obtaining the final product. Service delivery models, therefore, need to offer the comprehensive range of refractive services from refraction to dispensing of spectacles. At the planning stage of RE programs, it is important that community-based studies are conducted that investigates the consumers perspectives, awareness, and requirements from refractive services. However, these studies can be prohibitively expensive, time consuming, and require expertise in epidemiology.\[[@ref28]\] Marmamula *et al*. suggest that a sound methodology be developed that can estimate the need for services in an area in an efficient and cost effective manner and provide baseline data to aid monitoring and evaluation on the impact of service delivery.\[[@ref28]\] The Rapid Assessment of Avoidable Blindness (RAAB) model was successfully field-tested across the world to provide valid estimates in a short period of time and also reduce the overall cost of conducting a survey.\[[@ref29][@ref30]\]

The Durban Declaration on Refractive Errors and Service Delivery, passed in 2007 at the inaugural World Congress on Refractive Error, resolved to prioritize solutions toward refractive service development.\[[@ref31]\] Priorities for refractive service development, included in the Declaration, refer to increasing awareness; influencing policies; addressing the paucity of services, eye care personnel, infrastructure, and spectacles; appropriate technology; addressing barriers to accessing services; creating collaborative partnerships to meeting the objectives of VISION 2020; investing in training; catalyzing the availability of optical appliances and devices to communities; and creating and disseminating evidence-based information on best practices in refractive service development and delivery.\[[@ref31]\]

Naidoo *et al*. assert that strategies for eye care service provision in the developing world should consider several priorities in planning expected outcomes, including the integration of services within existing eye and health care services, the provision of good quality services and products, ensuring the affordability of services and products, the inclusion of cost-recovery measures to ensure that services are sustainable, the creation of jobs to empower local people, and the promotion of community participation.\[[@ref31]\] Moreover, strategies should recognize the need for economic growth that results in greater state funded eye-care services that focus on health promotion to ensure the prevention of eye disease, the development of eye clinics in hospitals and health clinics, and the training of the appropriate HRs.

The delivery of refractive services is an essential part of eye health and is currently delivered through a variety of models \[[Table 2](#T2){ref-type="table"}\], many of which have proved successful.

###### 

Refractive care service delivery models
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Social entrepreneurship {#sec2-3}
-----------------------

In many high-income countries, low cost reading spectacles are readily available and sold in pharmacies and supermarkets, without a prescription from ophthalmologists and optometrists. This often creates an impression that uncorrected REs do not pose a socio-medical threat to society.\[[@ref38]\] However, in the low- and middle-income countries, where most of the poor live, ready-made spectacles are inaccessible and unaffordable to the majority of the people with poor vision, especially for those residing in rural areas.\[[@ref12]\] In these countries with insufficient health care clinical workers that are capable of performing eye examinations, there is a lack of services that avail affordable spectacles and a lack of public health support structures that facilitate access to services and spectacles.\[[@ref39]\] Inaccessible refractive services and no access to spectacles leads to a lower quality of life. New and innovative approaches that are sustainable and empower the community are required. Social Entrepreneurship (combines a business and a social mission) offers the opportunity to expand services beyond the capacity of governments and NGOs through a social franchise where local people are involved in the sale of reading spectacles. In addition, it contributes to poverty alleviation through job creation and local ownership. However, the main reason would be to ensure that sales of spectacles are not conducted independently of eye examinations performed by trained professionals as refractive services need to be coupled with eye health services. Furthermore, setting up social franchises whereby vision centers are expanded through individual ownership, with oversight by a social enterprise (which does not generate income for individual gain but for a social mission), will enable the up-scaling of services that is desperately needed. The impact of social entrepreneurship efforts, with particular focus on comprehensive eye care, integration and referral needs to be further developed and evaluated from a health systems approach to delivery.

Corporate social responsibility can support social entrepreneurship efforts by making available low cost quality products which will make social franchises viable. The current cost of spectacle frames and lenses is often prohibitive in terms of creating access. The current collaboration between LIONS International and Essilor is an example of such efforts that can stimulate the viability of more affordable optical outlets. Corporates diversifying their range of offerings either within current optical outlets or by setting up affordable optical outlets in less served areas will contribute significantly to creating access. However, groups such as Titan Eye will have to engage in such activities with more of a corporate social responsibility mentality rather than a pure profit generation ethos.

Conclusion {#sec1-2}
==========

Addressing the key public health challenges posed by uncorrected REs on individuals, communities, NGOs, governments, practitioners, and eye health institutions requires the development or strengthening of HRs, the delivery of comprehensive refraction services and the integration of refractive services in the delivery of comprehensive eye care. Strategies to solve the problem of uncorrected RE in low- and middle-income countries should, therefore, include both refraction and dispensing of spectacles at either the primary or secondary (district) level of eye care, since it is at these levels that most access to services for communities occur. It is critical that a team approach be adopted that integrates screening for both refractive and non-refractive conditions, health promotion, and referral. Mechanisms for the delivery of comprehensive RE services require trained personnel to refract patients, counsel patients on their refractive conditions, and dispense spectacles. In addition, appropriate equipment that is functional is needed for eye screening and conducting refraction.\[[@ref24]\] It is also imperative that spectacles that are acceptable and affordable to poorer individuals and communities be made available. The social entrepreneur model offers the expansion of services as well as contributes to poverty alleviation by using local people that are trained to dispense spectacles within the boundaries of refraction clinics and facilities.
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